Introduction
============

Steroid-induced avascular necrosis of femoral head (SANFH) belongs to the non-traumatic type of avascular necrosis of femoral head. It refers to the pathological process where the high-dose glucocorticoids lead to death of active ingredients (osteocytes, bone marrow hematopoietic cells and adipocytes) of femoral heads ([@b1-etm-0-0-6827]). The main symptoms are regular pains in hip joints, joint dysfunction, limp and lower limb muscle atrophy, slow onset, long course of disease, high disability. This orthopedic disease is considered as one of the three major orthopedic problems ([@b2-etm-0-0-6827]). SANFH ranks first (2/3) of the non-traumatic avascular necroses, and the trend continues to increase ([@b3-etm-0-0-6827]), which has attracted great concerns of a large number of medical workers and scientists.

Modern medical science can generally be divided into the expectant and surgical treatment. Expectant treatments include painkillers, brake limbs, restricted load-bearing, and interventional therapy, but these methods do not acquire the desired effect. Surgical treatments are divided into the hip retention surgery and artificial joint replacement surgery ([@b4-etm-0-0-6827]). In recent years, based on the traditional Chinese medical theory and combined with the progress of modern medicine research, traditional Chinese medicine proposed the treatment based on syndrome differentiation from the overall treatment for alleviating pain and improving functions. This contributes to satisfactory results in the prevention and treatment of SANFH. Thus, we should pay attention to it ([@b5-etm-0-0-6827]).

Epimedium is a traditional Chinese medicine. Modern pharmacological experiments have shown that the main active ingredients of epimedium include total flavonoids of epimedium (TFE), and icariin (ICA). Epimedium participates in bone metabolism, stimulates bone cell proliferation and inhibits the activity of osteoclasts so as to prevent and cure osteoporosis ([@b6-etm-0-0-6827],[@b7-etm-0-0-6827]). In addition, it can also reduce the low, medium and high shear viscosity of the whole blood, improve blood rheology, and significantly reduce the platelet aggregation function ([@b8-etm-0-0-6827]), as well as regulate immune mechanism and improve immune system to prevent the primary disease.

Autophagy was initially discovered by a transmission electron microscopy. If cell autophagy occurs, vacuolar bilayer-like structures can be observed under the transmission electron microscopy. Sometimes autolysosomes and their residues can also be observed ([@b9-etm-0-0-6827]). Various cytokines and proteins such as Beclin1 and LC3 participate in cell autophagy to varying degrees ([@b10-etm-0-0-6827]). In recent years, with the deepening of research, many scholars have found and believed that glucocorticoid-induced bone autophagy is likely to play a role in the development of SANFH ([@b11-etm-0-0-6827]). Studies have shown that glucocorticoids cannot only induce osteoblast apoptosis, but also lead to the occurrence of bone autophagy ([@b12-etm-0-0-6827]). Excessive autophagy will cause harm to the body. Therefore, we believe that bone cell autophagy plays an important role in the pathogenesis of SANFH.

In this study, healthy Sprague-Dawley (SD) rats were used, and the early SANFH model was induced by intramuscular injection of prednisolone acetates. The mechanism of epimedium on the disease was observed from bone mineral density (BMD), immunohistochemical staining and other aspects, providing new drugs for clinical prevention and treatment of SANFH.

Materials and methods
=====================

### Experimental animals and drugs

Twenty-four healthy SD rats weighing 200±20 g, provided by the Nanjing Qinglongshan Animal Experimental Center (Nanjing, China) of general standard feed. The rats were housed in a controlled room temperature (21±2°C) on a 12:12-h light/dark cycle (lights on at 06:00). All rats had free access to food and water.

This study was approved by the Animal Ethics Committee of Soochow University Animal Center (Suzhou, China).

Acetic acid prednisolone injection was purchased from Zhejiang Xianju Pharmaceutical Co., Ltd. (Zhejiang, China); penicillin sodium injection was purchased from North China Pharmaceutical Co., Ltd. (Shijiazhuang, China); epimedium extracting solution was prepared by the liquid. A total of 1,080 g epimedium tablets were boiled and concentrated to 720 ml solution (containing 1.5 g/ml crude drugs). Primary mouse monoclonal B-cell lymphoma-2 (Bcl-2) antibody (dilution, 1:100; cat. no. sc-56015) and primary mouse monoclonal LC3 phosphatidylethanolamine conjugate (LC3II) antibody (dilution, 1:100; cat. no. sc-271625) were purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). The remaining reagents were purchased from Nanjing Keygen Biotech Co., Ltd. (Nanjing, China).

### Animal models and drug administration

According to the conversion method, rats in the glucocorticoid and epimedium groups were injected with 15 mg/kg/time prednisolone acetate injection in gluteal muscles twice a week. In order to prevent infection, 100,000 U/kg/time penicillin was injected intramuscularly after the injection of glucocorticoids twice a week. At the same time, the rats in the control group were given 10 ml/kg normal saline in gluteus muscles once a day for a total of 6 weeks.

At the same time, the epimedium group was given 10 ml/kg of epimedium extract with crude drug concentration of 1.5 g/ml, and the control and glucocorticoid groups received 10 ml/kg normal saline by gavage for 6 consecutive weeks. The rats received anesthesia with 10% chloral hydrate (0.4 g/kg, i.p.) and then were sacrificed by cervical dislocation.

### Hematoxylin and eosin (H&E) staining

The femoral head was put at one side, cut along the coronal plane and put into 10% formalin solution for the fixation for 1 week. Then the decalcification was performed by 5% nitric acid, and the femoral head was rinsed with water for 24 h. After that, a series of alcohols were used for dehydration and the conventional paraffin embedding was performed. Afterwards, the head was sliced up and H&E staining was conducted. Subchondral regions were regarded as film reading areas in each group. Pathological changes in bone trabeculae, bone marrow hematopoietic tissues, osteoblasts, osteocytes and adipocytes in the femoral bone and bone marrow tissues were observed under a light microscope (BX-42; Olympus, Tokyo, Japan).

### Detection of BMD

After anesthesia by 10% chloral hydrate, the anatomy was conducted under sterile conditions, and the appearance, texture and articular cartilage colour were observed when taking the femoral head. We removed the surrounding muscles of the femoral head at one side and placed the specimen on the BMD instrument with a computer installed with bone density automatic measurement software to detect its BMD.

### Immunohistochemical staining

We took the femoral head at one side, cut along the coronal plane and put it into 10% formalin solution for the fixation at 4°C for 1 week. Then the decalcification was performed by 5% nitric acid, and the femoral head was rinsed with water for 24 h. After that, a series of alcohols were used for dehydration and the conventional paraffin embedding was performed. The head was sliced up. Then, after the dewaxing, hydration and antigen repairs, Bcl-2 or LC3-II antibodies were incubated at room temperature for 2 h, washed with phosphate-buffered saline (PBS) 3 times and incubated for 10 min with biotin-labeled secondary antibodies. The head was rinsed again, re-stained it with hematoxylin stain and washed with running water for 1 min. Subchondral regions were regarded as film reading areas in each group, and the staining intensity was observed under a light microscope (BX-42; Olympus).

### Western blotting

Bone tissues (200 mg) were selected and weighed and then cut into pieces. These tissue pieces were placed into the pre-sterilization ceramic mortar, and the shredding tissues were quickly crushed by a grinding hammer with liquid nitrogen. After the liquid nitrogen fully volatilized, we added lysis solutions. The added lysis solutions were prepared as follows: radioimmunoprecipitation assay (RIPA) proteins containing phenylmethylsulfonyl fluoride (PMSF) were added into 100 mg tissues. The supernatant was extracted after centrifugation at 10,000 × g at 4°C for 20 min to determine the protein concentration. After the installation of the electrophoresis plate, we produced gels, and added proteins in the upper sample wells. Then, we conducted the electrophoresis under constant pressure. After the electrophoresis, we placed polyvinylidene difluoride (PVDF) membranes covered by gels into the transfer buffer and transferred membranes at 0°C under constant pressure. After the transfer, the PVDF membrane was added with 5% skimmed milk powder and closed at room temperature for 1 h. After that, the primary antibody (LC3II) was added and the PVDF membranes were incubated overnight at 4°C. The next day, the membranes were washed with phosphate-buffered saline Tween-20 (PBST) 3 times, and then, the secondary rabbit anti-mouse (HRP) IgG antibody (dilution, 1:2,000; cat. no. ab6728; Abcam, Cambridge, MA, USA) was incubated at room temperature. One hour later, the membranes were washed again 3 times. Finally, we added the developing liquid for exposure. The developing liquid was visualised using ECL kit (Merck Millipore, Billerica, MA, USA). The gray scale scan was conducted for the developing bands, and data were analyzed. β-actin served as internal control. Image J software (version 1.38; National Institutes of Health, Bethesda, MA, USA) was used for quantitative analysis of the blots.

### Statistical analysis

Data statistical results were analyzed using Statistical Product and Service Solutions (SPSS) 13.0 software (SPSS, Inc., Chicago, IL, USA). Comparison between multiple groups was done using one-way ANOVA test followed by post hoc test (Least Significant Difference). P\<0.05 indicated that the difference was considered statistically significant.

Results
=======

### Glucocorticoid causes damage to BMD reduced by epimedium

The BMDs in femoral tissues of rats were measured by a BMD instrument. The results showed that there was significant difference between the control and glucocorticoid groups (P\<0.05). There was no significant difference between the control and epimedium groups (P\>0.05), while there was significant difference between the glucocorticoid and epimedium groups (P\<0.05) ([Table I](#tI-etm-0-0-6827){ref-type="table"}).

### Glucocorticoid causes damage to bone tissues reduced by epimedium

Bone tissue structures were detected by H&E staining. The results showed that in the control group, most trabecular bones were intact, thick, clear and regularly arranged with low content of adipocytes, while the content of hematopoietic cells was high. Some empty lacunae could be observed. In the glucocorticoid group the trabecular bones were thin and loose, and even the trabecular bone fractures were evident. Structures were irregular and unclear, and abundant hypertrophic adipocytes were observed in the medullary space. The content of hematopoietic cells was decreased, and empty lacunae occupied the full vision. The results of the epimedium group were very similar to those in the control group ([Fig. 1A](#f1-etm-0-0-6827){ref-type="fig"}). After comparison between the control and glucocorticoid groups in empty lacuna rate, the results showed that the empty lacuna rate of the glucocorticoid group was 29.87±1.43%, which was significantly higher than that in the control group (10.23±1.45%) (P\<0.05). The empty lacuna rate of the epimedium group was 13.11±1.22%, which was significantly different from that of the glucocorticoid group (P\<0.05) ([Fig. 1B](#f1-etm-0-0-6827){ref-type="fig"}). Therefore, the above results pathologically confirmed the differences between SANFH and normal femoral heads.

### Glucocorticoid-induced bone cell apoptosis is reduced by epimedium

Immunohistochemistry results of Bcl-2 showed that the most positive results were located in the tan or pale brown areas in the cytoplasm. The expression level of Bcl-2 in the glucocorticoid group was significantly lower than that in the control group, while the expression level of Bcl-2 in the epimedium group was significantly higher than that in the glucocorticoid group (P\<0.05) ([Fig. 2](#f2-etm-0-0-6827){ref-type="fig"}).

### Glucocorticoid-induced autophagy-associated protein expression level is reduced by epimedium

Immunohistochemical results of LC3-II showed that the most positive results were located in the tan or pale brown areas in the cytoplasma, and there existed a small amount of positive particles in a small area of the nuclei. The expression level of LC3-II in the glucocorticoid group was significantly higher than that in the control group. The expression level of LC3-II was significantly lower in the epimedium group than that in the glucocorticoid group, and the differences were statistically significant (P\<0.05) ([Fig. 3](#f3-etm-0-0-6827){ref-type="fig"}).

Western blotting results showed that the concentration of autophagy-related protein Beclin1 and the ratios of LC3-II/LC3-I were significantly increased, and in the glucocorticoid group, the ratio of LC3-II/LC3-I was significantly lower than that in the epimedium group ([Fig. 4A](#f4-etm-0-0-6827){ref-type="fig"}). The results of gray scale scan showed that the level of the autophagy-related protein was significantly higher in the glucocorticoid group than that in the control group, but the level of the autophagy-related protein in the epimedium group was significantly lower in the glucocorticoid group compared with the glucocorticoid group (P\<0.05) ([Fig. 4B](#f4-etm-0-0-6827){ref-type="fig"}).

Discussion
==========

The first description of SANKF was recorded as early as the 1970s. Potter *et al* ([@b13-etm-0-0-6827]) first described the symptoms of femoral head necrosis after extensive use of glucocorticoids in kidney transplant patients. Youm *et al* ([@b14-etm-0-0-6827]) studied 58 patients with different types of femoral head necrosis. The study found that patients with alcoholic avascular necrosis of femoral head and SANFH had high expression of apoptosis in the bone cells, but patients with idiopathic avascular necrosis of femoral head and traumatic avascular necrosis of femoral head have low expression of apoptosis. The present study supports the view that apoptosis plays an important role in the pathogenesis of steroid- and alcohol-induced avascular necroses of femoral heads. The H&E staining results showed that the incidence rate of vacuolated lacunae in SANFH was significantly higher than that in the normal femoral head group. The results of immunohistochemistry showed that the expression level of Bcl-2 protein in SANFH was significantly lower than that in the control group. These data demonstrated that apoptosis was involved in the pathogenesis of SANFH.

Autophagic cell death is a newly discovered method of programmed cell death found in a molecular biology research. The process mainly relies on the degrading pathway of lysosomes to organelles or cytoplasmic components. It is a method by which cells decompose their own constituents so as to maintain a stable environment, and it is also a normal program of the body ([@b9-etm-0-0-6827]). Autophagy can be activated by various forms of cellular stresses, and when the cells are subjected to the above stresses, they initiate autophagy in order to survive ([@b15-etm-0-0-6827]). In the metabolic stress process, autophagy can produce adenosine triphosphates (ATPs) and macromolecules to provide energy resources for cells, thus enhancing cell viability, but when the cell stress is too strong or lasts for a long time, cells will increase the possibility of autophagic and programmed cell death ([@b16-etm-0-0-6827]). Autophagy not only plays an important role in the survival of cells, but also can promote cell death ([@b17-etm-0-0-6827]). Autophagy and apoptosis are not irrelevant to each other\'s life process; instead, the two are inextricably linked. Autophagy can cooperate with apoptosis to induce cells to enter the death program. Studies have shown that glucocorticoids can not only induce apoptosis in bone cells, but also can induce autophagy ([@b18-etm-0-0-6827]). These two processes are related to the dose of glucocorticoids. The activation of relatively low doses of glucocorticoids can promote autophagy, but that of relatively high doses of glucocorticoids enhance apoptosis. Autophagy is likely to act as a protective mechanism against cell death under stressful conditions with relatively short duration or less stresses. On the contrary, if stresses persist, autophagosomes accumulate and cause excessive autophagy, thus resulting in cell death. This study showed that autophagic apoptosis in SANFH exerted important effects on bone losses.

Pharmacological tests of modern Chinese medicine have confirmed that there are 74 active ingredients of epimedium, mainly including TFE, epimedium polysaccharide (EPS) and ICA ([@b19-etm-0-0-6827]). Modern pharmacological studies have shown that epimedium has a certain pharmacological effect on the blood system, immune system, cardiovascular and cerebrovascular system, including anti-inflammatory, anti-osteoporosis, and anti-aging ([@b20-etm-0-0-6827]). Epimedium has a unique advantage in the prevention and treatment of osteoporosis and it improves BMD ([@b21-etm-0-0-6827]). Studies have shown that epimedium can increase the density of rat femora at mRNA and protein level. It has been studied that different concentrations of epimedium glycosides promote the growth and proliferation of osteoblasts, and also enhance the osteoblastic activity of osteoblasts ([@b7-etm-0-0-6827]). In addition, it has been found that ICA can promote the expression of type I collagens in osteoblasts and the synthesis of osteocalcins, and stimulates osteoblast proliferation and differentiation cultured *in vitro* ([@b22-etm-0-0-6827]). This study found that epimedium could significantly alleviate SANFH and reduce autophagic apoptosis.

In conclusion, the epimedium extracting solution can significantly enhance BMD of the femoral heads, prevent the collapse caused by osteoporosis, increase the expression of apoptotic protective proteins and reduce the expression of autophagy-related proteins, thus providing a preliminary theoretical study for the prevention and treatment of SANFH.
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![Observation of femoral head structures by H&E staining. (A) Femoral head structures in the control, glucocorticoid and epimedium group are observed by H&E staining images (×400). (B) According to the statistical data of the rate of empty lacunae, \*P\<0.05, compared with the control group, while \*\*P\<0.05, compared with the glucocorticoid group. H&E, hematoxylin and eosin.](etm-16-06-5047-g00){#f1-etm-0-0-6827}

![Observation of the expression of Bcl-2 of femoral heads by immunohistochemistry. (A) The expression of the apoptosis-related protective protein Bcl-2 of femoral heads is detected by immunohistochemical staining in the control, glucocorticoid and epimedium group. (B) The statistical data of the ratio of the color depth to that in the control group. \*P\<0.05, compared with the control group, while \*\*P\<0.05, compared with the glucocorticoid group. Bcl-2, B-cell lymphoma-2.](etm-16-06-5047-g01){#f2-etm-0-0-6827}

![Observation of the expression of LC3-II by immunohistochemistry. (A) The expression of the autophagy-related protein LC3-II of femoral heads is detected by immunohistochemical staining in the control, glucocorticoid and epimedium group. (B) The statistical data of the ratio of the color depth to that in the control group. \*P\<0.05, compared with the control group, while \*\*P\<0.05, compared with the glucocorticoid group.](etm-16-06-5047-g02){#f3-etm-0-0-6827}

![Detection of the expression of autophagy-related proteins by western blotting. (A) The expressions of the autophagy-related proteins Beclin1, LC3-I and LC3-II of femoral heads are detected by western blotting in the control, glucocorticoid and epimedium group. (B) The gray scale statistical data of Beclin1 proteins and the ratio of LC3-II/LC3-I gray scale. \*P\<0.05, compared with the control group, while \*\*P\<0.05, compared with the glucocorticoid group.](etm-16-06-5047-g03){#f4-etm-0-0-6827}

###### 

Rat BMD detection results at 6 weeks (means ± SD).

  Groups                 N   BMD (g/cm^2^)                                               F       P-value
  ---------------------- --- ----------------------------------------------------------- ------- ---------
  Control group          8   0.204±0.013                                                 14.07   \<0.001
  Glucocorticoid group   8   0.170±0.012^[a](#tfn1-etm-0-0-6827){ref-type="table-fn"}^           
  Epimedium group        8   0.195±0.008^[b](#tfn2-etm-0-0-6827){ref-type="table-fn"}^           

P\<0.05, compared with the control group A

P\<0.05, compared with the glucocorticoid group B. BMD, bone mineral density.
